Increase of glutamate uptake in astrocytes: a possible mechanism of action of volatile anesthetics.
Glutamate is the most ubiquitous excitatory neurotransmitter in the vertebrate central nervous system. Astrocytes play an important role in terminating glutamatergic neurotransmission by removing released glutamate from the synaptic cleft. The authors examined the effects of several anesthetics on the glutamate uptake activity of astrocytes. Cultured astrocytes from hippocampi of rat embryos were incubated with solution containing [3H]glutamate, which was pre-equilibrated with 0-4% halothane at 37 degrees C. The uptake activity was evaluated as the amount of radioactivity per cell of protein. When the reaction solution was equilibrated with 4% halothane, glutamate uptake increased to about 165% of the control. The effect of halothane was dose-dependent, and a significant augmentation (30-50%) of glutamate uptake was observed at a range in clinical use concentrations (1-2%). On the other hand, the uptake of gamma-aminobutyric acid, an inhibitory transmitter, was hardly affected by 1-4% halothane. The effect of halothane on glutamate uptake was also examined in neuron-rich culture, and similar augmentation was observed, although the extent was less than that in astrocyte culture. Biochemical subcellular fractions (i.e., glial plasmalemmal vesicles and synaptosomes) were also examined, however, only slight (not significant) increase was detected in the glutamate uptake activity. Other volatile anesthetics, such as enflurane, isoflurane, and sevoflurane, also enhanced glutamate uptake, whereas the intravenous anesthetics ketamine and pentobarbital showed no effect on glutamate uptake. The increase of glutamate uptake by astrocytes in the presence of volatile anesthetics potentially attenuates excitatory synaptic transmission in the entire central nervous system, a finding that may explain in part the action of volatile anesthetics.